Abstract The polymorphisms of soil fungal rDNA Internal Transcribed Spacer regions were studied in Korean pine forests of various ages (10-100-year-old trees) by means of cloned libraries, and analyzed to determine the effects of the trees' developmental stage on soil fungal community structure. The obtained Shannon diversity index (H) and richness (S) indicated that the diversity of the soil fungal community increased significantly with the development of Korean pines (P \ 0.05). In addition, cluster analysis (UPGMA) showed that the soil fungal community variety associated with differently aged Korean pines was higher than 50 %. The soil fungal community diversity correlated significantly with the N content and C/N ratio of the soil (P \ 0.05). The results of this study indicate that the age of in Korean pine can affect soil fungal community by altering soil properties, which in turn could affect the nutrient cycling in the forest ecosystem.
Introduction
Soil fungi are an important component of forest ecosystems and have a broad range of functions in ecosystem processes [1] . The fungal community plays an important role in nutrient cycling through mycorrhizal associations and litter decomposition, has direct impacts on soil biochemical processes, soil nutrient composition and conversion, and also strongly affects plant diversity via mutualistic or pathogenic interactions [2, 3] . Different soils contain a great diversity of fungal species, whose spatial distribution results from many factors, such as plant diversity, soil properties, land use and dispersal, and climate [4, 5] . Soil fungal community structures, in turn, directly affect the properties and fertility of soil, thereby influencing the growth of plants; the soil microbial population and abundance is thus positively correlated with soil fertility and plant growth status [6] [7] [8] . Hence, it has practical significance to investigate the distribution characteristics of soil microbiota, in which fungi take up an important position.
Changbai Mountains, situated in Jilin province, China, is one of the richest areas of temperate zone forests, and its native forests are an important source for wood in China. Its forest coverage is important to maintain the balance of this ecological environment. Previous research focused mainly on the restoration and protection of forest, but not on the soil, its contents and nutrients, ignoring possible soil microbial differences between forests of different ages [9, 10] . An understanding of the structure and composition of the soil microbial community of differently aged forests is essential, which we studied in the Changbai Mountain forest ecosystem.
In the past, research on soil micro-organisms was based on enrichment, separation and culture, however, only a fraction (estimated between 0.01 and 10 %) of the microorganisms present in the environment can be cultured by existing technology, which introduces bias in the diversity of the microorganisms under study.
Molecular methods based on Internal Transcribed Spacer (ITS) rDNA allow rapid detection of microbial diversity and have become essential in modern microbial ecology research, with the clone library technology as a more advanced method of molecular ecology. The method is simple, rapid, has a high resolution and good repeatability, and produces quantitative results; with these advantages it has been widely used to study the diversity of a variety of microbial communities [11] [12] [13] . Since the application of molecular biological techniques overcomes the limitations of traditional methods based on culture, it provides a more accurate estimate of the richness and evenness on the level of genes and identifies variation in species, which provides a more objective insight in the community composition of fungi present in the environment.
Given that the age of a forest is one of the dominating factors determining the microbial community structure in soils, as well as the fact that our previous study showed that bacterial community compositions differ between different forest succession stages in Changbai mountains, we hypothesized that the soil fungal communities might change with different forest ages in this region [14] [15] [16] [17] . In order to test this hypothesis, we collected soil samples from five native forests and estimated the composition, diversity and phylogeny of soil fungal communities in the samples by ITS rDNA clone library analysis.
Materials and Methods

Site Description and Sampling
Soil samples were collected in Changbai Mountains forest ecosystem, Jilin province in June 2011. Five Korean-pine broadleaf forest plots were selected with various ages of 10, 30, 50, 70 and 100 years, following determination of the local dominant tree population's ages (Table 1) .Three cores with 10 cm depth of forest soil (starting from the surface) were mixed per plot, and a total of ten plots were collected and transported in sealed plastic bags. Organic C and total N were measured with the dichromate oxidation method and Kjeldahl method [18] , respectively. After addition of an equal volume of water, soil pH was measured. Nitrate in the form of ammonium (NH 4 ? ) and nitrate (NO 3 -) were measured by FLAstsr 5000 analyzer (Foss Tecator AB Sweden Supply Company, Hoganas, Sweden).
DNA Extraction
After removal of visible root fragments, the soil samples were homogenized. Total soil DNA was extracted from 0.25 g fresh homogenated soil using the UltraClean TM 12888 power soil extraction DNA kit (Mo Bio Laboratories Inc., USA). DNA was dissolved in 100 lL of pure water and used as template for PCR. The DNA samples were frozen at -80°C.
ITS rDNA Gene Amplification
By means of primers ITS1F (CTTGGTCATTTA-GAGGAAGTAA) and ITS4 (TCCTCCGCTTATTGA-TATGC) the ITSrDNA was amplified [14] . PCR reactions were performed in 50 lL including 2 lL of purified DNA (10-20 ng), 1.5 mM MgCl, 0.2 m MdNTP, 0.5 mM of primers ITS1F and ITS4 and 2.5 U Taq DNA polymerase (TAKARA, Japan). The PCR reaction program included initial denaturation for 5 min and amplification for 34 cycles at 94°C for 60 s, 51°C for 60 s, 72°C for 60 s and a final extension at 72°C for 8 min. PCR products were purified using Tiangen PCR purification kit (Tiangen Biotech, P.R. China).
Cloning and Sequencing of PCR-Amplified Products
A total of fifteen purified PCR products, obtained from five forest types, were cloned using the PMD-19T vector system (TAKARA, Japan) according with the manufacturer's instructions. Escherichia coli DH5a was used for transformation and clones were detected using the blue-white screening method. Plasmids containing ITS rDNA gene sequences were extracted and purified using QIAGEN Plasmid spin miniprep Kit (Qiagen). A total of 100 white clones for each forest type were selected to sequence by M13 forward and reverse primer pairs in two directional sequencing with an ABI377 automatic sequencer (Applied Bio-systems, USA).
Sequence Analysis and Phylogenetic Tree Construction
The obtained ITS rDNA gene sequences were compared with sequences in GenBank using the basic local alignment search (BLAST) tool [19] .When a sequence reported more than one identical e-value, we selected the first sequence.
After that, the ITS rDNA gene sequences were aligned by use of Clustal_X software and these alignments were used to calculate their distances by the two-parameter method [20, 21] . A phylogenetic tree was constructed using the neighbor-joining method [22] . Bootstrap analysis was performed based on 1000 re-samplings. All sequences were analyzed using MEGA4.0 software [23] . The obtained fungal ITS sequences have been deposited in GenBank with accession numbers JQ666320-JQ666842.
Results and Discussion
Soil Fungal Community Structure
We used the clone library technique to analyze the composition of fungal communities present in soil from different aged Korean pine forests, and found no significant difference in soil fungus community structures between the samples of plots covered with 30 year-old trees and those with 50 year-old trees (Fig. 1) . The results of ShannonWiener index (H) and Richness index (S) showed that the variety of soil fungal community diversity and abundance first increased and then decreased with growth of the Korean pines, being lowest in soils of forests aged 10 and 100 years and highest for 50 years, followed by 70 and 30 years (Table 2) . Soil characteristics such as pH, ammonium nitrogen, nitrate nitrogen, total nitrogen (N) and carbon (C) content were also determined in the samples ( Table 3) . As can be seen, pH and ammonium nitrogen content followed similar trends, with an increase between 10 and 30 years and a downward trend from 30 to 100 years. In contrast, total nitrogen and carbon content decreased between 10 and 30 years to increase from 30 to 100 years. The content of nitrogen in the form of nitrate decreased first and then increased with the increase of the forest's age.
We searched for correlations between changes in soil fungal community diversity and soil chemical constituents, and found a significant positive correlation of soil fungal diversity and abundance with nitrate nitrogen and ammonium nitrogen (P \ 0.01), and a significant negative correlation with carbon-nitrogen ratio (P \ 0.01) ( Table 4) .
Analysis of Fungal Community Structure
Soil fungal community composition was inconsistent in the topsoil under the five different ages Korean pine forests. The soil communities of each plot consisted of 5 phyla, listed in decreasing of presence of representatives: Fig. 1 Cluster analysis of soil fungal communities in different age stages of broad-leaved Korean pine forest 
Among these phyla, Basidiomycota, Ascomycota, Zygomycota, and unclassified Fungi dominated the fungal communities, accounting for 50.1, 22.9, 13.3 and 12.1 % of the total fungi, respectively. Other phyla were considered minority groups, accounting for only 0.58 % of the total fungal community. The abundance of the 5 phyla varied with changes in forest age. Patterns of abundance in the fungal community showed inconsistent variation between forest ages. For example, the abundance of Ascomycota was highest in the 10 years old sample but lower in the 70 years old sample, while lower still in the 50, 30 and 100 years samples. In contrast, Basidiomycota exhibited the opposite pattern. The phyla distribution also varied inconsistently with variation in nitrogen content. For example, the abundance of Zygomycota decreased first and then increased with increased forest ages, whereas unclassified Fungi decreased. Forest age had a great impact on fungal abundance (Fig. 2) .
The Soil Fungal Community Structure Similarity of Different Forest Age Stages
Analysis of different age stages with soil fungal community structure resulted in a similarity coefficient that showed a gradual decline from 10 years onwards (Table 5 ). This shows that soil fungal community structure and function changed over time. Soil microorganisms are an important part of soil ecosystems and play an important role in maintaining a stable and healthy environment for tree development. In this study, we determined changes in fungal community structure as reported by the fingerprints of fungal ITS sequences, and used the diversity index (H, S) to evaluate the soil fungal community diversity, as reported by the diversity indices obtained [3] . The present study demonstrates that the diversity and abundance of soil fungal community from different ages of Korean pine forest first increased and then decreased with Korean pine growth, probably reflecting the difference of vegetation type and age [21, 24] .
Moreover, we identified trends in the composition of fungal microbiota with increasing forest age (Fig. 2) . For instance, the abundance of Basidiomycota increased, while Ascomycota decreased from 10 to 100 years. This maybe related to increased litters and its components, since Basidiomycota is mainly responsible for decomposition of lignin. In a young forest, trees are in a rapid growth stage, which results in few litters containing little lignin, and this could explain why Basidiomycota is less abundant here. As the forest grows, it becomes more complex and litters contain more lignin, allowing growth of Basidiomycota. Likewise, Zygomycota increased when 10 years old forests were compared to 70 years old forests, but was decreased in 100 years old forests. Such trends have been observed before, for example, Liu found that soil microbial community structure changed with the Cunninghamia lanceolata plantation's development stage [25] .
A young forest of Korean pines has less litter resulting in a low diversity of the microbial community. With the growth of Korean pines, soil nutrition improves together with an increase in the soil microbial diversity, to reach a maximum in 70 years.
By correlation analysis, we found that community diversity and richness of different forest stages correlated with abundance of soil nitrogen. Soil nitrogen content can be the limiting factor of biological growth; many studies have shown that soil nitrogen content can influence soil microbial biomass, activity and community composition [22] . Presence and abundance of fungi is more important than other microorganisms in the surface of soil, while bacteria are more important for degradation of the buried organic matter [23] . That study also found that soil fungal diversity positively correlated with soil ammonium nitrogen. Soil fungi were positively correlated with available N, and possibly correlated with microbial functional groups that involved in nitrogen turnover [26, 27] . Further research on soil microbial functional groups is required to explore the interaction between soil microorganism and soil nutrient dynamics.
Fungi have a direct impact on soil organic matter content through decomposing of organic material, whereas the amount of soil organic matter can also change soil quantity and composition of soil fungi [28] . Soil C to N ratio (C/N) is another important factor that influences soil microbial community structure [29] . Correlation analysis presented here showed that the fungal diversity correlated significantly in a negative manner with C/N, which was consistent with Bazzaz and Williams [30] , who reported that microbial populations are affected by soil C/N so that when the soil organic matter content increased, the soil microbial diversity decreased. Wang et al. [31] also found that fungal structure community negatively correlated with C/N, presumably because a high concentration of nitrogen inhibits growth of fungi. Our study confirmed that soil fungal diversity negatively correlated with soil C/N, indicating that high soil organic matter C/N didn't support optimal microorganism growth and slowed down the soil organic matter turnover. Luo [32] used the DGGE method to study soil microbial communities of long-term fertilized soils, reporting that fertilization changed both soil C/N and microorganism community structure, and both had a significant correlation. Wan [33] used the PFLA method to study the relationship of soil microorganism community and soil pH and C/N in a Swedish boreal forest, and found that changes in soil C/N significantly affected the soil microbial community structure, thereby affecting the nitrogen supply to plants. Finally, Ushio et al. [34] reported that the C/N and soil microbial community structure were different in coniferous and broadleaf forests and that the types of returned soil organic matter could cause changes in soil properties and microbial community composition.
Conclusion
In this study, we discovered that the diversity and abundance of soil fungal community increased first and then decreased as Korean Pine forest maturates, and we revealed relationships between soil fungal communities and soil available N and C to N ratios. These findings imply that soil microorganism community composition changes with the physical and chemical properties of the soil, which 
